Even more interesting multi-wire circuits enable the user to process quantum information in exquisitely precise ways, also largely immune to noise, by manoeuvring Majorana modes around one another -akin to braiding strands of hair (see ref. 3 for one promising hardware blueprint). Majorana modes are therefore widely coveted vaults for quantum information. So where do we stand regarding the implementation of noise-resistant, Majorana-based quantum computation?
Pioneering experiments 4, 5 have made headlines for detecting credible Majoranamode signatures using measurements of electrical conductance in superconducting devices. (The existence of Majorana modes can be inferred from local probes, but the quantum information that they encode cannot.) Albrecht and colleagues break experimental ground by quantifying how Majorana modes evolve as they are pulled apart. The authors studied ultra-high-quality superconducting wires with lengths ranging from 330 to 1,500 nanometres, using a clever measurement scheme to determine how much energy it costs to add just one electron to the superconductor.
If Majorana modes indeed form in the authors' devices, the energy cost should decrease exponentially on moving to progressively longer wires. This is precisely what the researchers detect -uncovering a fundamental Majorana feature that is intimately related to the devices' applicability to quantum computing. The measured exponential decay constant turns out to be surprisingly short (about 250 nm), indicating that even modestly sized systems might harbour nearly ideal Majorana modes, and correspondingly ideal qubits.
Various other nuances of the length dependence for the measured energies also agree well with theoretical expectations 6 . Collectively, the data accumulated in this latest experiment seem exceedingly hard to explain using conventional physics. The results, however, offer more than just additional evidence for the existence of Majorana modes in superconducting wires: the unprecedented characterization primes the field for a fascinating new era of Majorana control.
In particular, the stage now seems set for quantitative tests of the basic principles that underlie intrinsically fault-tolerant quantum information processing. Two crucial experimental challenges for this endeavour are to develop techniques for dynamically manipulating Majorana modes -that is, to create, transport and fuse them within a single device -and to demonstrate successful readout of the hidden information encoded through their quantum states. These capabilities will, in turn, enable a wide range of experiments, even in surprisingly simple devices, that inch towards applications.
Future research should aim to quantify the protection of quantum information stored in a prototype Majorana qubit, and to meaningfully contrast its behaviour with that of conventional qubits. Braiding Majorana modes to implement fault-tolerant information processing poses another seminal challenge for the field. 
or flowering plants to achieve fertilization, pollen must transport sperm across long distances. Sperm-containing pollen grains land on the stigma of the female reproductive organ (the pistil), but the female gametophyte structures that bear eggs are located in distant ovules, so each grain produces a pollen tube that grows towards them 1 (Fig. 1a) . How pollen tubes find their target has long puzzled biologists. The female gametophyte is known to produce chemoattractant molecules, such as cysteine-rich peptides called LUREs 1, 2 , but the identity of their receptors on pollen tubes has been unclear. Two papers in this issue 3, 4 identify several molecules on the cell membrane that are involved in sensing one such attractant -AtLURE1 -in the model plant Arabidopsis thaliana 5 . These discoveries underscore the molecular complexity of this male-female communication process, and provide a foundation for understanding the mechanism by which pollen tubes sense attractants.
It is well established that pollen-specific receptor-like kinase (RLK) proteins can regulate the growth of pollen tubes 6 . These proteins typically have three domains: an ectodomain that interacts with extracellular signal molecules; a membrane-spanning domain; and a cytoplasmic domain that attaches phosphate groups to target molecules, inducing cellular responses to incoming signals (Fig. 1b) . Using different genetic strategies and starting from an overlapping list of almost 30 pollenexpressed RLKs, the two groups searched for proteins that support ovule targeting by pollen tubes.
On page 241, Wang and colleagues 3 report two pairs of closely related RLKs. The authors named the first pair male discoverer 1 (MDIS1) and MDIS2, and the second pair MDIS1-interacting RLK 1 (MIK1) and MIK2. Mutation in the genes that encode each of these four RLKs compromised ovule targeting, and further genetic analysis suggested that MDIS1 and MIK1 act in the same pathway. Next, the authors performed attractant assays in a 'semi in vivo' system, in which pollen tubes are first allowed to grow through the pistil, which primes them to respond to attractants 2,5 when subsequently placed under in vitro growth conditions. The assay confirmed that mutations in the MDIS1, MIK1 and MIK2 genes impair the ability of pollen tubes to target AtLURE1, although each mutation suppressed targeting only moderately.
Using similar assays, Takeuchi and Higashiyama 4 (page 245) identified another set of RLK receptors for AtLURE1. One, named pollenspecific receptor kinase 6 (PRK6), was essential for pollen tubes to target AtLURE1 in the semi in vivo assay. However, in the pistil, PRK6 mutant pollen tubes displayed only moderate defects in growth and ovule targeting. When the authors combined PRK6 mutations with mutations in the related genes PRK1, PRK3 and PRK8, pollen tubes displayed more-severe guidance defects, including failure to enter ovules.
The attractants identified so far show species specificity 1,2 . Both Wang et al. and Takeuchi and Higashiyama showed that they could significantly enhance the ability of pollen tubes from a relative of Arabidopsis, Capsella rubella, to target A. thaliana AtLURE1, by engineering them to express MDIS1 or PRK6, respectively -experiments that further support the role of these RLKs in attractant sensing. Taken together, the groups' results indicate that the perception system for AtLURE1 involves multiple RLKs that are functionally redundant, acting together to support ovule targeting by pollen tubes and ensure reproductive success.
Wang et al. provided biochemical and biophysical data to demonstrate a physical and functional interaction between their two pairs of RLKs, and to show that AtLURE1 affects the RLKs' interaction and binds directly to MDIS1, MIK1 and MIK2 with different affinities. Technical difficulties that arose owing to a lack of binding specificity prevented Takeuchi and Higashiyama from reporting similar AtLURE1-PRK interaction experiments, although Wang et al. demonstrated that AtLURE1 did not bind appreciably to PRK3 in a test that they did to demonstrate the specificity of AtLURE1 for their RLKs. These differences might be due to variations in protein preparation and quality, or assay conditions, between the two groups; they will need to be resolved.
Using leaf-cell-based assays, both studies next investigated the mechanisms that mediate AtLURE1 signalling (Fig. 1b) . Takeuchi and Higashiyama showed that PRK3 and PRK6 interact with guanine-exchange factors that activate Rho GTPase proteins, affirming a known link between PRK proteins and these signal mediators 6 . How AtLURE1 affects these interactions remains to be shown. Wang et al. found that AtLURE1 induces MDIS1-MIK1 binding and promotes phosphorylation of the two RLKs by MIK1, implying that changes in the phosphorylation states of these kinases underlie their ability to transform the attractant signal into a guidance response. Future experiments should confirm these interactions in pollen tubes, and test whether these pathways intersect as segments of the same AtLURE1-triggered cascade.
Finally, both groups showed that the location of their RLKs was altered by AtLURE1, bolstering the assertion that these are bona fide AtLURE1 receptors. Wang et al. reported that AtLURE1 induced the removal of MDIS1 from the cell membrane -a change that implies a receptor response to binding. Takeuchi and Higashiyama demonstrated that AtLURE1 altered the distribution of PRK6 around the apex of the pollen tube such that it concentrated on tube surfaces closer to the attractant, correlating receptor localization with a change in growth direction.
RLKs have crucial roles in plant development, reproduction and responses to environ mental challenges. These studies now persuasively establish that RLKs are involved in attractant-sensing by pollen tubes. Moreover, they support the idea that functional redundancy between receptors -and between attractants, as previously suggested 2,5 -is perhaps genetically hardwired to ensure reproductive success.
However, this redundancy raises a perplexing question about how AtLURE1 differentiates between potential targets. To capitalize on redundant receptors, AtLURE1 has apparently evolved to interact with a range of RLKs, even those with other specialized functions. For instance, Wang et al. found that AtLURE1 binds PXY, a close relative of MIK1 that controls vascular differentiation 7 , with an affinity comparable to that for MIK1. However, an attractant closely related to AtLURE1 does not seem 3, 8 to interact with an RLK called ERECTA that controls plant architecture and cell shape at the leaf surface. Clearly, there is a need to determine how cysteine-rich peptide attractants such as LUREs identify the receptors capable of mediating ovule targeting. It will also be interesting to investigate the possibility of functional crossover by other pairs of RLK and growth regulators, including PXY and ERECTA and their interaction partners, if they are expressed in regions close to where male-female communication occurs.
The arsenal of signalling molecules in plants -in particular peptide signal molecules 9 and RLKs 4,5 -is immense. It will not be surprising if more attractant-receptor pairs are discovered. The current studies, together with our knowledge of other growth regulatory molecules that interact with pollen tubes before they encounter ovule attractants 10 
PRK6
A s raw materials go, there is a lot to like about carbon dioxide -it is available everywhere, inexpensive, non-flammable and less toxic than most of the chemicals widely used in industrial processes. But it is relatively unreactive, making it difficult to activate so that it can be transformed into desirable compounds. Nevertheless, in nature, many plants have evolved molecular machinery that overcomes the inherent stability of CO 2 to use it to make biological building blocks (sugars) and materials (polysaccharides). Inspired by the carbon-carbon bondformation processes used by plants, Banerjee and colleagues 1 (page 215) have identified a synthetic route that not only uses CO 2 to make useful compounds, but also involves tractable processing conditions. Their route is simple, is potentially more sustainable and economical than the one it is designed to replace, and could be applicable to a variety of product types.
CO 2 has been used as a raw material by the chemical industry in the past 2, 3 , albeit rather sparingly, to make urea (a fertilizer and building block for the chemical industry) and cyclic carbonate (a solvent). The processes were commercialized not because they were more sustainable than other routes, but because the chemistry was available to make these valuable products economically. Scientists have been interested in expanding the role of CO 2 as a raw material for many years, but, for the most part, either the compounds generated from it were not sufficiently useful to merit industrial production, or the processes involved were too energy-intensive or inefficient to warrant further development.
The processes that have been successfully . a, The polymer PEF is being commercialized as a sustainable alternative to polyethylene terephthalate, a widely used plastic. In the conventional route to PEF, fructose derived from plants is converted by way of a four-step process 8 to furan-2,5-dicarboxylic acid (FDCA), which can be reacted with ethylene glycol to make PEF. b, Banerjee et al. 1 report that FDCA can also be made by reacting 2-furan carboxylate (FC) with carbon dioxide in the presence of caesium carbonate (Cs 2 CO 3 ). The reaction could form part of a synthetic route to PEF that is more sustainable than that detailed in a. In the new route, biomass waste is first converted to furfural, which is oxidized to make FC. adopted to make commercial products from CO 2 were typically preceded by breakthroughs in chemistry and/or catalysis. For example, groundbreaking work on catalyst design 4 allowed CO 2 to be polymerized with another compound, propylene oxide, to create poly carbonate polyols -important building blocks for polyurethanes, and saleable products in their own right. This work was scaled up and commercialized by Novomer, a chemistry-technology company in Ithaca, New York; the international chemical company Bayer has also pursued this role of CO 2 using their own catalysts 5 . Banerjee and colleagues now report new chemistry to make another valuable molecular building block from CO 2 .
The authors used caesium carbonate, a simple salt, to activate organic substrates that could then be reacted with CO 2 . Their key finding is that CO 2 can be reacted with 2-furan carboxylate (FC; Fig. 1 ) to form furan-2,5-dicarboxylic acid (FDCA). This is notable because FC is readily derived from biomass waste material, such as maize (corn) stover and sawdust. Furthermore, FDCA is one of the monomers used to generate polyethylene furandicarboxylate (PEF) -a plant-based polyester that is being commercialized 6 to compete with the widely used plastic polyethylene terephthalate (PET), which is derived from petrochemicals.
Banerjee et al. show that the caesium carbonate can be recycled, and that the product can be separated easily from the reaction mixture. Both of these features will aid in scaling up the reaction. Production of PEF results in fewer carbon emissions than production of PET (ref. 6 ), but the authors' route to FDCA should reduce the overall carbon footprint still further. Once scaled up, the new route might be less wasteful -needing fewer raw materials and less energy -than the conventional industrial synthesis of FDCA, which uses fructose as a starting material.
Synthetic processes involving CO 2 as a raw material can be considered more sustainable than existing processes only if the chemistry involved reduces environmental impacts over the entire life cycle of the process. Carbon footprint is only one of several metrics 7 used to gauge the environmental impact of a product; other considerations include the potential to increase acidification (acid rain) or to trigger photochemical oxidation (smog). Even though Banerjee and co-workers' process seems to be much less wasteful than the fructose route to FDCA, a comparison of the life-cycle impacts of the two routes will need to be performed to ensure that it is truly more sustainable.
The authors also show that benzene can be reacted with CO 2 and caesium carbonate to form benzoic acid in a single step (see Fig. 3c of the paper 1 ). This is intriguing because it has been known 8 since the 1950s that benzoic acid can be transformed into terephthalic acid, one
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Putting carbon dioxide to work
Carbon dioxide is an abundant resource, but difficult for industry to use effectively. A simple reaction might allow it to be used to make commercial products more sustainably than with current processes. See Letter p.215
